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摘  要：针对一类面模型的软组织变形触觉仿真问题，提出了一种基于半边数据结构和AABBs
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Abstract: A hybrid collision detect and response method named as hierarchy half-edge watching method was proposed, 
which was adapted to surface models of soft tissue based on half-edge data structure and hierarchies of axis-aligned 
bounding boxes (AABBs) to satisfy the higher frame rates in haptic feedback. The haptic feedback for membrane tissue 
consists of the visco-elastic force and sticking-sliding friction force. The friction was calculated by modified stick-slide 
model. The deformation of membrane soft tissue is based on mass spring model. The visual threading and haptic threading 
communicates each other in terms of a synchronizer. The experiment results show that the presented method is faster than 
AABBs method used solely. The character of the stick-slide friction is reflected by the chart of the recorded force feedback 
magnitude. The method is the base of the virtual surgery simulator in the cataract resection.  
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m d= − +∑i ij i extia g v f  
im 是质点的质量， i ia ,v 分别是质点的加速度和速度， id 是粘




















a           b           c   
图4  a 顶点  b 边  c 三角形的相领图元 
2.4 碰撞检测和响应 
碰撞检测是虚拟现实、虚拟仿真的关键技术之一。不管






图 3  半  
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while (simulation)  
    if  (! collision) 
          虚拟器械PQ与对象AABBs树求交检测 
   if （PQ与某三角片相交） 
置该三角片为活动图元，对应到链表 
     确定设备的 IHIP 
collision = true 
end if 
    else 





if 持续接触  
collision = true 
else   
collision = false 
end if 
计算反馈力 
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摩擦状态 friction-state = sticking 
粘滞位置 x0 = 开始接触位置 
if (friction-state == sticking)  
    Ft = -Ks * (IHIP - x0) 
if (|Ft| >| Fs|)           //最大静摩擦 
     friction-state = sliding  
     x0 = IHIP - Fd /Kd  
endif 
else 
Ft = -Kd * (IHIP- x0) - v*b  
If (|Ft| > |Fd|)           //动摩擦 
    x0 = IHIP - Fd /Kd     
else 




弹性力，Ft 是摩擦阻力，v 是设备移动的速度，Ks、Kd 分
别是与静摩擦系数、动摩擦系数成比例的弹性系数，Fs、Fd
分别是法向力与静摩擦系数、动摩擦系数的乘积。实际反馈
















3  实验与应用 
我们在 XEON CPU3.20GHz CPU，2G 内存，NVIDIA 
Quadro FX 4400 图形加速卡的计算机上，以美国 Sensable
公司的PHANTON Desktop桌面力反馈设备作为触觉反馈的

































图 5  无滞滑摩擦力的力反馈曲线 



















图 6  有滞滑摩擦力的力反馈曲线 
 
图 7  软组织的接触变形和触觉反馈 
 
图 8  晶状体囊膜接触变形和触觉反馈 
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表 1  AABB方法与层次半边方法运行的时间比较 
顶点数 三角形数 AABB法 层次半边法 
100 162 45µs/f 31µs/f 
400 722 70µs/f 31µs/f 
1600 3042 91µs/f 31µs/f 
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